Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 



(11)Publication number : 10-108837 
(43)Date of publication of application : 28.04.1998 



f 

(51)lnt.CI. 




A61B 3/10 




(21)Application number 


08-283281 


(71)Applicant 


NIDEK CO LTD 


(22)Date of filing: 


03.10.1996 


(72)lnventor : 


FUJIEDA MASANAO 



T W 




(54) OPHTHALMOLOGIC MEASURING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To measure eye refracting 
power in a plurality of different cornea portions by 
providing the device with a slit projection optical system 
for scanning an eye bottom to be inspected and a 
detection optical system having plural pairs of light 
receiving elements disposed symmetrically to an optical 
axis and calculating the refractive power of the inspected 
eye based on the phase difference signal output of each 
light receiving element. 

SOLUTION: For measuring eye refracting power, first 
the cornea center of a ruled line direction where light 
receiving elements 15a to 15f are positioned are 
obtained from the outputs of light receiving elements 15g 
and 15h in a light receiving part 14, and then refracting 

power in cornea portions corresponding to the respective light receiving elements 15a to 15f 
is obtained for the center. That is, slit luminous fluxes by a slit projection optical system are 
scanned and signal output wave forms are obtained when slit images reflected from the eye 
bottom cross the respective light receiving elements 15a, 15b, 15g and 15h. Then, from the 
light voltage signals of the light receiving elements 15g and 15h positioned in a direction 
orthogonal to the light receiving elements 15a and 15b, a center between the light receiving 
elements 15a and 15b is obtained and a time difference between the cornea equivalent 
positions of the light receiving elements 15a and 15b is obtained and thereby refracting power 
in each cornea portion is obtained. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The slit projection optics which scans eyegrounds examined the eyes in the slit flux of light in 
the ophthalmology measuring device which measures the refractive power examined the eyes, the 
direction of circles of longitude corresponding to the direction of a slit of this slit flux of light — and the 
cornea examined the eyes and abbreviation — with detection optical system with two or more pairs of 
photo detectors arranged on both sides of an optical axis in a location [****] at the symmetry The 
ophthalmology measuring device characterized by having a refractive-power operation means to acquire 
the refractive power examined [ which changes in the direction of circles of longitude based on each 
phase contrast signal output of said photo detector ] the eyes. 

[Claim 2] It is the ophthalmology measuring device which the ophthalmology measuring device of 
claim 1 has a rotation means rotate the slit flux of light further projected by said projection optics and 
the photo detector with which said detection optical system is equipped synchronizing with the 
circumference of an optical axis, respectively, and the control means which drives this rotation means at 
a predetermined include-angle step, and is characterized by for said refractive-power operation means to 
acquire distribution of eye refractive power in quest of the refractive power in two or more cornea parts 
for a majority of every directions of circles of longitude. 

[Claim 3] The ophthalmology measuring device of claim 2 is an ophthalmology measuring device 
characterized by having a display means to display distribution of refractive power further. 
[Claim 4] The display means of claim 3 is an ophthalmology measuring device characterized by being 
the means which carries out a graphic display. 

[Claim 5] the direction of circles of longitude in which the ophthalmology measuring device of claim 1 
does not correspond in the direction of a slit of the slit flux of light by said projection optics further - 
and the reflected light from eyegrounds examined the eyes ~ the cornea examined the eyes and 
abbreviation - on both sides of an optical axis, it is arranged in a location [****] at the symmetry ~ 
with the 2nd photo detector of a pair at least this — with a main detection means to detect a cornea core 
or a visual-axis core based on the phase contrast signal output between the 2nd photo detector 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

TECHNICAL FIELD 

[Field of the Invention] This invention relates to the ophthalmology measuring device which measures 
the refractive power examined the eyes. 

[Translation done.] 
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PRIOR ART 



[Description of the Prior Art] When correcting the ametropy examined the eyes with a spectacle lens or 
a contact lens, the subjective examination for determining the formula value is conducted. On the 
occasion of a subjective examination, the method of using the measurement data of the eye refractive- 
power measuring device which measures the refractive power examined the eyes in other ** has spread 
widely, the light which scans the slit-like flux of light, projects on eyegrounds examined the eyes as an 
eye refractive-power measuring device, and is reflected by projection of the slit flux of light from 
eyegrounds examined the eyes — the cornea examined the eyes and abbreviation — what acquires the 
refractive power examined the eyes based on detecting by two pairs of photo detectors arranged on both 
sides of an optical axis in the location [****] at the symmetry is known. The measurement result of 
equipment assumes the refractive power of an eye as a symmetrical thing focusing on a cornea, and an 
operation output is carried out by three parameters, S (the number of spherical degrees), C (astigmatism 
frequency), and A (whenever [ astigmatism axial-angle ]), so that it may double with formula values, 
such as a spectacle lens. 



[Translation done.] 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, according to this invention, eye refractive-power 
distribution about two or more eye refractive power and each part of a cornea in a cornea part of the 
direction of circles of longitude can be searched for, and a refractive-power condition can be known in a 
detail. 

[0054] Moreover, cornea curvature distribution and refractive-power distribution can be measured with 
one equipment, both measurement data can be made to be able to respond, and the relation between 
cornea curvature and eye refractive power can be known. 



[Translation done.] 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, the refractive power of an eye does not have few 
eyes which do not restrict but have irregular astigmatism with the symmetry focusing on a cornea, 
either. In an irregular astigmatism eye like the keratoconus, the measurement results of S, C, and A 
which are obtained when optometry-ed is looking at the core of the fixation target inside equipment, and 
while seeing the location which is not so differ. Therefore, it was not able to be said only with the 
conventional measurement data that sufficient refraction information for conducting a subjective 
examination efficiently was offered. 

[0004] Moreover, before and after the way of this operation, although the cornea corrective surgery 
which corrects an ametropy by excising a cornea front face and changing cornea curvature artificially in 
recent years is brought into the limelight, while checking a cornea configuration in a detail, equipment 
which refractive-power distribution about each part of a cornea understands is desired. It is because it is 
how the policy objective of cornea corrective surgery brings eye refractive-power distribution close to 
the emmetropia (or weak degree short sight, a weak degree regular astigmatism eye). 
[0005] This invention searches for refractive-power distribution of an eye by acquiring the eye refractive 
power in a radial cornea part and the eye refractive power of an about [ each part of a cornea of many 
directions of circles of longitude ] from which plurality differs in the one direction of circles of 
longitude in view of the above-mentioned conventional technique, and makes it a technical technical 
problem to offer the ophthalmology equipment which can know a refractive-power condition in a detail. 
[0006] 
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MEANS 



[Means for Solving the Problem] In order to solve the above-mentioned technical problem, this 
invention is characterized by having the following configurations. 

[0008] (1) The slit projection optics which scans eyegrounds examined the eyes in the slit flux of light in 
the ophthalmology measuring device which measures the refractive power examined the eyes, the 
direction of circles of longitude corresponding to the direction of a slit of this slit flux of light — and the 
cornea examined the eyes and abbreviation — with detection optical system with two or more pairs of 
photo detectors arranged on both sides of an optical axis in a location [****] at the symmetry It is 
characterized by having a refractive-power operation means to acquire the refractive power examined 
[ which changes in the direction of circles of longitude based on each phase contrast signal output of 
said photo detector ] the eyes. 
[0009] 
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EXAMPLE 



[Example] One example of this invention is explained based on a drawing. Drawin g 1 is the optical- 
system global placement Fig. of the equipment of an example. Optical system is divided roughly into an 
eye refractive-power measuring beam study system, fixation target optical system, the index projection 
optics for curvature measurement, and the index detection optical system for curvature measurement. 
[0017] (Eye refractive-power measuring beam study system) The eye refractive-power measuring beam 
study system 100 consists of slit projection optics 1 and slit image detection optical system 10. The slit 
projection optics 1 has the following configurations. The source of the slit illumination light where 2 
emits the light of a near-infrared region, and 3 are mirrors. 4 is the rotating sector of the shape of a 
cylinder rotated in the fixed direction at a fixed rate by the motor 5. Much slit opening 4a is prepared in 
the side face of a rotating sector 4. 6 is a projection lens and the light source 2 is located in the location 
[****] near the cornea examined the eyes about the projection lens 6. It is the main optical axis LI with 
which 7 counters a limit diaphragm and 8 counters optometry-ed. Optical axis L2 of slit projection 
optics It is the beam splitter made into the same axle. 

[0018] It is reflected by the mirror 3 and an infrared light which emitted the light source 2 illuminates 
slit opening 4a of a rotating sector 4. After the slit flux of light scanned by rotation of a rotating sector 4 
passes through the projection lens 6 and the limit diaphragm 7, it is reflected by the beam splitter 8. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the ophthalmology measuring device which measures 

the refractive power examined the eyes. 

[0002] 

[Description of the Prior Art] When correcting the ametropy examined the eyes with a spectacle lens or 
a contact lens, the subjective examination for determining the formula value is conducted. On the 
occasion of a subjective examination, the method of using the measurement data of the eye refractive- 
power measuring device which measures the refractive power examined the eyes in other ** has spread 
widely, the light which scans the slit-like flux of light, projects on eyegrounds examined the eyes as an 
eye refractive-power measuring device, and is reflected by projection of the slit flux of light from 
eyegrounds examined the eyes — the cornea examined the eyes and abbreviation — what acquires the 
refractive power examined the eyes based on detecting by two pairs of photo detectors arranged on both 
sides of an optical axis in the location [ **** ] at the symmetry is known. The measurement result of 
equipment assumes the refractive power of an eye as a symmetrical thing focusing on a cornea, and an 
operation output is carried out by three parameters, S (the number of spherical degrees), C (astigmatism 
frequency), and A (whenever [ astigmatism axial-angle ]), so that it may double with formula values, 
such as a spectacle lens. 
[0003] 

[Problem(s) to be Solved by the Invention] However, the refractive power of an eye does not have few 
eyes which do not restrict but have irregular astigmatism with the symmetry focusing on a cornea, 
either. In an irregular astigmatism eye like the keratoconus, the measurement results of S, C, and A 
which are obtained when optometry-ed is looking at the core of the fixation target inside equipment, and 
while seeing the location which is not so differ. Therefore, it was not able to be said only with the 
conventional measurement data that sufficient refraction information for conducting a subjective 
examination efficiently was offered. 

[0004] Moreover, before and after the way of this operation, although the cornea corrective surgery 
which corrects an ametropy by excising a cornea front face and changing cornea curvature artificially in 
recent years is brought into the limelight, while checking a cornea configuration in a detail, equipment 
which refractive-power distribution about each part of a cornea understands is desired. It is because it is 
how the policy objective of cornea corrective surgery brings eye refractive-power distribution close to 
the emmetropia (or weak degree short sight, a weak degree regular astigmatism eye). 
[0005] This invention searches for refractive-power distribution of an eye by acquiring the eye refractive 
power in a radial cornea part and the eye refractive power of an about [ each part of a cornea of many 
directions of circles of longitude ] from which plurality differs in the one direction of circles of 
longitude in view of the above-mentioned conventional technique, and makes it a technical technical 
problem to offer the ophthalmology equipment which can know a refractive-power condition in a detail. 
[0006] Moreover, let it be a technical technical problem to offer the ophthalmology measuring device 
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which cornea curvature distribution and refractive-power distribution can be measured with one 
equipment, and both measurement data can be made to be able to respond, and can know the relation 
between cornea curvature and refractive power. 
[0007] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, this 
invention is characterized by having the following configurations. 

[0008] (1) The slit projection optics which scans eyegrounds examined the eyes in the slit flux of light in 
the ophthalmology measuring device which measures the refractive power examined the eyes, the 
direction of circles of longitude corresponding to the direction of a slit of this slit flux of light — and the 
cornea examined the eyes and abbreviation — with detection optical system with two or more pairs of 
photo detectors arranged on both sides of an optical axis in a location [****] at the symmetry It is 
characterized by having a refractive-power operation means to acquire the refractive power examined 
[ which changes in the direction of circles of longitude based on each phase contrast signal output of 
said photo detector ] the eyes. 

[0009] (2) The ophthalmology measuring device of (1) has a rotation means rotate the slit flux of light 
further projected by said projection optics and the photo detector with which said detection optical 
system is equipped synchronizing with the circumference of an optical axis, respectively, and the control 
means which drives this rotation means at a predetermined include-angle step, and said refractive-power 
operation means is characterized by to acquire distribution of eye refractive power in quest of the 
refractive power in two or more cornea parts for a majority of every directions of circles of longitude. 
[0010] (3) The ophthalmology measuring device of (2) is characterized by having a display means to 
display distribution of refractive power further. 

[001 1] (4) It is characterized by the display means of (3) being a means which carries out a graphic 
display. 

[0012] (5) the direction of circles of longitude in which the ophthalmology measuring device of (1) does 
not correspond in the direction of a slit of the slit flux of light by said projection optics further - and the 
reflected light from eyegrounds examined the eyes — the cornea examined the eyes and abbreviation — 
on both sides of an optical axis, it is arranged in a location [****] at the symmetry — with the 2nd 
photo detector of a pair at least this — with a main detection means to detect a cornea core or a visual- 
axis core based on the phase contrast signal output between the 2nd photo detector It is characterized by 
having a refractive-power operation means to search for refractive power based on the phase contrast 
signal of each of one pair of photo detectors of the location corresponding to the direction of a slit of the 
slit flux of light, and the detected core. 

[0013] (6) The ophthalmology measuring device of (1) is characterized by having a pupil diameter 
measurement means to measure the pupil diameter examined the eyes based on the output signal of the 
photo detector of said detection optical system further. 

[0014] (7) In the ophthalmology measuring device of (1), it is characterized by for said slit projection 
optics having a means to project the slit flux of light with whenever [ at least two or more tilt-angles ], 
and having two or more pairs of photo detectors arranged on both sides of an optical axis at the 
symmetry corresponding to the direction of a slit of the slit flux of light of whenever [ each tilt-angle ] in 
said detection optical system, respectively. 

[0015] (8) The ophthalmology measuring device of (1) is characterized by to have the measurement 
mode means for switching which switches an index projection means project the index for cornea 
configuration measurement which has the pattern of the shape of two or more circular ring in the cornea 
examined the eyes further, a cornea configuration measurement means carry out detection processing of 
the projected index, and acquire the configuration of each field of a cornea, and the mode which 
measures a cornea configuration and the mode which measures eye refractive power. 
[0016] 

[Example] One example of this invention is explained based on a drawing. Drawing 1 is the optical- 
system global placement Fig. of the equipment of an example. Optical system is divided roughly into an 
eye refractive-power measuring beam study system, fixation target optical system, the index projection 
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optics for curvature measurement, and the index detection optical system for curvature measurement. 
[0017] (Eye refractive-power measuring beam study system) The eye refractive-power measuring beam 
study system 100 consists of slit projection optics 1 and slit image detection optical system 10. The slit 
projection optics 1 has the following configurations. The source of the slit illumination light where 2 
emits the light of a near-infrared region, and 3 are mirrors. 4 is the rotating sector of the shape of a 
cylinder rotated in the fixed direction at a fixed rate by the motor 5. Much slit opening 4a is prepared in 
the side face of a rotating sector 4. 6 is a projection lens and the light source 2 is located in the location 
[****] near the cornea examined the eyes about the projection lens 6. It is the main optical axis LI with 
which 7 counters a limit diaphragm and 8 counters optometry-ed. Optical axis L2 of slit projection 
optics It is the beam splitter made into the same axle. 

[0018] It is reflected by the mirror 3 and an infrared light which emitted the light source 2 illuminates 
slit opening 4a of a rotating sector 4. After the slit flux of light scanned by rotation of a rotating sector 4 
passes through the projection lens 6 and the limit diaphragm 7, it is reflected by the beam splitter 8. 
Then, after penetrating the beam splitter 9 which makes the same axle the optical axis of fixation target 
optical system and observation optical system and condensing near the cornea examined [ E ] the eyes, it 
is projected on eyegrounds. 

[0019] The slit image detection optical system 10 is the main optical axis LI. Optical axis L3 reflected 
by the light-receiving lens 1 1 and mirror 12 which were prepared upwards, and the mirror 12 It has the 
diaphragm 13 and light sensing portion 14 which were prepared upwards. Drawing 13 is arranged 
through a mirror 12 in the backside focal location of the light-receiving lens 1 1 (that is, located in the 
eyegrounds of the emmetropia examined the eyes, and a location [ **** ]). a light sensing portion 14 is 
shown in the light-receiving side at drawing 2 — as — the light-receiving lens 1 1 — being related — the 
cornea examined the eyes and abbreviation - it has eight photo detectors 15a-15h located in a location 
[ **** ]. the photo detectors 15a-15f of these are located on the straight line passing through the core 
(optical axis L3) of a light-receiving side, and they are prepared so that photo detectors 15a and 15b, 
photo detectors 15c and 15d, and photo detectors 15e and 15f may become the symmetry (namely, a 
core [ optical axis / L3 ] — carrying out) to the core of a light-receiving side, respectively. That 
arrangement distance is set up so that three pairs of these photo detectors can detect the refractive power 
corresponding to each location of the direction of a path of a cornea (on drawing 2 , shown as 
equivalence size on a cornea). On the other hand, photo detectors 15g and 15h are opticals axis L3. It is 
prepared so that it may become the symmetry on the straight line which makes it a core and intersects 
perpendicularly with photo detectors 15a-15h. 

[0020] For such an eye refractive-power measuring beam study system 100 of a configuration, the 
source 2 of the slit illumination light of the slit projection optics 1 - a motor 5 are an optical axis L2 by 
the rolling mechanism 21 which consists of a motor 20, a gear, etc. To a core, a light sensing portion 14 
is an optical axis L3. It synchronizes with a core by carrying out, and rotates. And the photo detectors 
[ on a light sensing portion 14 / 15a-15f ] direction in which it is located is set up so that it may 
correspond to the scanning direction (the slit flux of light on eyegrounds comes to be scanned in the 
direction which intersects perpendicularly with the longitudinal direction of a slit) of the slit flux of light 
in the top examined [ which is projected by the slit projection optics 1 ] the eyes. With the equipment of 
an example, when the slit flux of light by slit opening 4a is scanned on the eyegrounds of long sight or 
myopia without the astigmatism examined the eyes, photo detectors 15a-15f are arranged so that it may 
correspond in the direction which intersects perpendicularly with the longitudinal direction of the slit 
received on a light sensing portion 14. 

[0021] (Fixation target optical system) 30 is fixation target optical system and, as for the source of the 
light, and 32, 31 is [ a fixation target and 33 ] floodlighting lenses. The floodlighting lens 33 performs 
fog examined the eyes by moving in the direction of an optical axis. 34 is a beam splitter which makes 
the optical axis of observation optical system the same axle. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the ophthalmology measuring device which measures 

the refractive power examined the eyes. 

[0002] 

[Description of the Prior Art] When correcting the ametropy examined the eyes with a spectacle lens or 
a contact lens, the subjective examination for determining the formula value is conducted. On the 
occasion of a subjective examination, the method of using the measurement data of the eye refractive- 
power measuring device which measures the refractive power examined the eyes in other ** has spread 
widely, the light which scans the slit-like flux of light, projects on eyegrounds examined the eyes as an 
eye refractive-power measuring device, and is reflected by projection of the slit flux of light from 
eyegrounds examined the eyes — the cornea examined the eyes and abbreviation — what acquires the 
refractive power examined the eyes based on detecting by two pairs of photo detectors arranged on both 
sides of an optical axis in the location [****] at the symmetry is known. The measurement result of 
equipment assumes the refractive power of an eye as a symmetrical thing focusing on a cornea, and an 
operation output is carried out by three parameters, S (the number of spherical degrees), C (astigmatism 
frequency), and A (whenever [ astigmatism axial-angle ]), so that it may double with formula values, 
such as a spectacle lens. 
[0003] 

[Problem(s) to be Solved by the Invention] However, the refractive power of an eye does not have few 
eyes which do not restrict but have irregular astigmatism with the symmetry focusing on a cornea, 
either. In an irregular astigmatism eye like the keratoconus, the measurement results of S, C, and A 
which are obtained when optometry-ed is looking at the core of the fixation target inside equipment, and 
while seeing the location which is not so differ. Therefore, it was not able to be said only with the 
conventional measurement data that sufficient refraction information for conducting a subjective 
examination efficiently was offered. 

[0004] Moreover, before and after the way of this operation, although the cornea corrective surgery 
which corrects an ametropy by excising a cornea front face and changing cornea curvature artificially in 
recent years is brought into the limelight, while checking a cornea configuration in a detail, equipment 
which refractive-power distribution about each part of a cornea understands is desired. It is because it is 
how the policy objective of cornea corrective surgery brings eye refractive-power distribution close to 
the emmetropia (or weak degree short sight, a weak degree regular astigmatism eye). 
[0005] This invention searches for refractive-power distribution of an eye by acquiring the eye refractive 
power in a radial cornea part and the eye refractive power of an about [ each part of a cornea of many 
directions of circles of longitude ] from which plurality differs in the one direction of circles of 
longitude in view of the above-mentioned conventional technique, and makes it a technical technical 
problem to offer the ophthalmology equipment which can know a refractive-power condition in a detail. 
[0006] Moreover, let it be a technical technical problem to offer the ophthalmology measuring device 
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which cornea curvature distribution and refractive-power distribution can be measured with one 
equipment, and both measurement data can be made to be able to respond, and can know the relation 
between cornea curvature and refractive power. 
[0007] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, this 
invention is characterized by having the following configurations. 

[0008] (1) The slit projection optics which scans eyegrounds examined the eyes in the slit flux of light in 
the ophthalmology measuring device which measures the refractive power examined the eyes, the 
direction of circles of longitude corresponding to the direction of a slit of this slit flux of light — and the 
cornea examined the eyes and abbreviation with detection optical system with two or more pairs of 
photo detectors arranged on both sides of an optical axis in a location [****] at the symmetry It is 
characterized by having a refractive-power operation means to acquire the refractive power examined 
[ which changes in the direction of circles of longitude based on each phase contrast signal output of 
said photo detector ] the eyes. 

[0009] (2) The ophthalmology measuring device of (1) has a rotation means rotate the slit flux of light 
further projected by said projection optics and the photo detector with which said detection optical 
system is equipped synchronizing with the circumference of an optical axis, respectively, and the control 
means which drives this rotation means at a predetermined include-angle step, and said refractive-power 
operation means is characterized by to acquire distribution of eye refractive power in quest of the 
refractive power in two or more cornea parts for a majority of every directions of circles of longitude. 
[0010] (3) The ophthalmology measuring device of (2) is characterized by having a display means to 
display distribution of refractive power further. 

[001 1] (4) It is characterized by the display means of (3) being a means which carries out a graphic 
display. 

[0012] (5) the direction of circles of longitude in which the ophthalmology measuring device of (1) does 
not correspond in the direction of a slit of the slit flux of light by said projection optics further — and the 
reflected light from eyegrounds examined the eyes - the cornea examined the eyes and abbreviation - 
on both sides of an optical axis, it is arranged in a location [****] at the symmetry — with the 2nd 
photo detector of a pair at least this - with a main detection means to detect a cornea core or a visual- 
axis core based on the phase contrast signal output between the 2nd photo detector It is characterized by 
having a refractive-power operation means to search for refractive power based on the phase contrast 
signal of each of one pair of photo detectors of the location corresponding to the direction of a slit of the 
slit flux of light, and the detected core. 

[0013] (6) The ophthalmology measuring device of (1) is characterized by having a pupil diameter 
measurement means to measure the pupil diameter examined the eyes based on the output signal of the 
photo detector of said detection optical system further. 

[0014] (7) In the ophthalmology measuring device of (1), it is characterized by for said slit projection 
optics having a means to project the slit flux of light with whenever [ at least two or more tilt-angles ], 
and having two or more pairs of photo detectors arranged on both sides of an optical axis at the 
symmetry corresponding to the direction of a slit of the slit flux of light of whenever [ each tilt-angle ] in 
said detection optical system, respectively. 

[0015] (8) The ophthalmology measuring device of (1) is characterized by to have the measurement 
mode means for switching which switches an index projection means project the index for cornea 
configuration measurement which has the pattern of the shape of two or more circular ring in the cornea 
examined the eyes further, a cornea configuration measurement means carry out detection processing of 
the projected index, and acquire the configuration of each field of a cornea, and the mode which 
measures a cornea configuration and the mode which measures eye refractive power. 
[0016] 

[Example] One example of this invention is explained based on a drawing. Drawing 1 is the optical- 
system global placement Fig. of the equipment of an example. Optical system is divided roughly into an 
eye refractive-power measuring beam study system, fixation target optical system, the index projection 
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optics for curvature measurement, and the index detection optical system for curvature measurement. 
[0017] (Eye refractive-power measuring beam study system) The eye refractive-power measuring beam 
study system 100 consists of slit projection optics 1 and slit image detection optical system 10. The slit 
projection optics 1 has the following configurations. The source of the slit illumination light where 2 
emits the light of a near-infrared region, and 3 are mirrors. 4 is the rotating sector of the shape of a 
cylinder rotated in the fixed direction at a fixed rate by the motor 5. Much slit opening 4a is prepared in 
the side face of a rotating sector 4. 6 is a projection lens and the light source 2 is located in the location 
[****] near the cornea examined the eyes about the projection lens 6. It is the main optical axis LI with 
which 7 counters a limit diaphragm and 8 counters optometry-ed. Optical axis L2 of slit projection 
optics It is the beam splitter made into the same axle. 

[0018] It is reflected by the mirror 3 and an infrared light which emitted the light source 2 illuminates 
slit opening 4a of a rotating sector 4. After the slit flux of light scanned by rotation of a rotating sector 4 
passes through the projection lens 6 and the limit diaphragm 7, it is reflected by the beam splitter 8. 
Then, after penetrating the beam splitter 9 which makes the same axle the optical axis of fixation target 
optical system and observation optical system and condensing near the cornea examined [ E ] the eyes, it 
is projected on eyegrounds. 

[0019] The slit image detection optical system 10 is the main optical axis LI. Optical axis L3 reflected 
by the light-receiving lens 1 1 and mirror 12 which were prepared upwards, and the mirror 12 It has the 
diaphragm 13 and light sensing portion 14 which were prepared upwards. Drawing 13 is arranged 
through a mirror 12 in the backside focal location of the light-receiving lens 1 1 (that is, located in the 
eyegrounds of the emmetropia examined the eyes, and a location [ **** ]). a light sensing portion 14 is 
shown in the light-receiving side at drawing 2 - as - the light-receiving lens 1 1 — being related - the 
cornea examined the eyes and abbreviation - it has eight photo detectors 15a-15h located in a location 
[****]. the photo detectors 15a-15f of these are located on the straight line passing through the core 
(optical axis L3) of a light-receiving side, and they are prepared so that photo detectors 15a and 15b, 
photo detectors 15c and 15d, and photo detectors 15e and 15f may become the symmetry (namely, a 
core [ optical axis / L3 ] carrying out) to the core of a light-receiving side, respectively. That 
arrangement distance is set up so that three pairs of these photo detectors can detect the refractive power 
corresponding to each location of the direction of a path of a cornea (on drawing 2 , shown as 
equivalence size on a cornea). On the other hand, photo detectors 15g and 15h are opticals axis L3. It is 
prepared so that it may become the symmetry on the straight line which makes it a core and intersects 
perpendicularly with photo detectors 15a-15h. 

[0020] For such an eye refractive-power measuring beam study system 100 of a configuration, the 
source 2 of the slit illumination light of the slit projection optics 1 - a motor 5 are an optical axis L2 by 
the rolling mechanism 21 which consists of a motor 20, a gear, etc. To a core, a light sensing portion 14 
is an optical axis L3. It synchronizes with a core by carrying out, and rotates. And the photo detectors 
[ on a light sensing portion 14 / 15a-15f ] direction in which it is located is set up so that it may 
correspond to the scanning direction (the slit flux of light on eyegrounds comes to be scanned in the 
direction which intersects perpendicularly with the longitudinal direction of a slit) of the slit flux of light 
in the top examined [ which is projected by the slit projection optics 1 ] the eyes. With the equipment of 
an example, when the slit flux of light by slit opening 4a is scanned on the eyegrounds of long sight or 
myopia without the astigmatism examined the eyes, photo detectors 15a-15f are arranged so that it may 
correspond in the direction which intersects perpendicularly with the longitudinal direction of the slit 
received on a light sensing portion 14. 

[0021] (Fixation target optical system) 30 is fixation target optical system and, as for the source of the 
light, and 32, 31 is [ a fixation target and 33 ] floodlighting lenses. The floodlighting lens 33 performs 
fog examined the eyes by moving in the direction of an optical axis. 34 is a beam splitter which makes 
the optical axis of observation optical system the same axle. The light source 31 illuminates a fixation 
target 32, after the flux of light from a fixation target 32 passes through the floodlighting lens 33 and a 
beam splitter 34, it is reflected by the beam splitter 9, and the optometry E-ed carries out the fixation of 
the fixation target 32 toward the optometry E-ed. 
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[0022] (Index projection optics for curvature measurement) The index projection optics 25 for curvature 
measurement has the next configuration. 26 is a conic PURACHIDO plate which has opening in a center 
section, and is an optical axis LI in the PURACHIDO plate 26. The ring pattern which has much 
translucent parts and the protection- from-light sections on the concentric circle made into the core is 
formed. 27 is two or more sources of the illumination light, such as LED, it is reflected with a reflecting 
plate 28 and the illumination light emitted from the source 27 of the illumination light illuminates the 
PURACHIDO plate 26 to homogeneity mostly from behind. The flux of light of the ring pattern which 
penetrated the translucent part of the PURACHIDO plate 26 is projected on the cornea examined the 
eyes. 

[0023] (Index detection optical system for curvature measurement) 35 is the index detection optical 
system for curvature measurement. The cornea reflected light bundle of the ring pattern projected by the 
index projection optics 25 for curvature measurement forms the cornea reflected image of a ring pattern 
in the image sensor side of CCD camera 38 with a taking lens 37, after being reflected by the beam 
splitter 9 and the beam splitter 34. Moreover, the index detection optical system for curvature 
measurement serves as observation optical system, image formation of the anterior eye segment image 
examined [ which was illuminated by the source of the anterior eye segment illumination light without 
illustration / E ] the eyes is carried out to the image sensor side of CCD camera 38 through beam 
splitters 9 and 34 and a taking lens 37, and the TV monitor 39 projects it. 

[0024] Next, the measuring method of the eye refractive power of this invention is explained. Eye 
refractive-power measurement of this invention first searches for the cornea core (or visual-axis core) of 
the direction of circles of longitude that photo detectors 15a-15f are located from a photo detectors [ 15g 
and 15h ] output signal, and searches for the refractive power in an each photo detectors [ 15a-15f ] 
corresponding cornea part from the core. In order to simplify explanation, taking the case of a pair of 
thing of the photo detectors 15a and 15b of optical-axis approach, it explains most. 
[0025] Now, the slit flux of light by slit projection optics is scanned by whenever [ constant-speed ], and 
suppose that the signal output wave in case the slit image reflected from eyegrounds crosses each photo 
detectors 15a, 15b, 15g, and 15h became like drawing 3 . Optometry-ed is in the condition of long sight 
or myopia, and this is the case where it has the astigmatism. 

[0026] Now, in the eye refractive-power measurement by the phase contrast method, when refractive 
power assumes that it is symmetrical focusing on a cornea, it can be made to be able to respond to the 
phase contrast (time difference) of the wave signal from photo detector 15a of the drawing 3 (**), and 
the wave signal from photo detector 15b of (**), and the refractive power between photo detectors 15a 
and 15b can be acquired. However, refractive power is not necessarily symmetrical focusing on a cornea 
(or visual-axis core). Then, how to acquire the core of photo detectors 15a and 15b from a photo 
detectors [ which are first located in the direction which intersects perpendicularly with this to photo 
detectors 15a and 15b / 15g and 15h ] photoelectrical pressure signal is considered. If a core can be 
found, the refractive power in each cornea part can be searched for by acquiring the cornea equivalent 
location of photo detectors 15a or 15b, and the time difference based on corneas (visual-axis core). 
[0027] In order to simplify explanation, when the rise time of a photoelectrical pressure signal wave 
generated in each photo detector in connection with the incidence of light shall be detected here (ta of 
drawing 3 , tb, tg, and th), it is the conventional time tO. The core of photo detectors 15a and 15b of 
receiving can be searched for by (tg+th) / 2. Therefore, when time amount to the cornea part 
corresponding to photo detector 15b for the time amount from the cornea part corresponding to photo 
detector 15a to a cornea core is set to Tb from Ta and a cornea core, it is Ta= [(tg+th) /2-ta]. 
Tb=[tb -(tg +th )/2] 

The refractive power between a cornea core and a predetermined cornea part can be searched for by 
making a next door and this time amount Ta and Tb equivalent to refractive power. 
[0028] Next, the phase contrast time amount which processes the output signal from each photo detector 
binary-ization, and detects it is explained. When setting up and binary— ization-processing a certain 
SURESSHU level to the signal outputted from each photo detector, and a quantity of light difference is 
between each photo detector, an error may be produced in detection of phase contrast time amount. 
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When the light transmission body of an eye like a cataract eye has turbidity, it is easy to produce this. 
For example, drawin g 4 is drawing having shown the situation of the signal wave form from both 
components when turbidity of the cornea part corresponding to photo detector 15b is size to the cornea 
part corresponding to photo detector 15a (drawing has arranged the timing of light-receiving, in order to 
simplify explanation), wave 65 - the signal wave form from photo detector 15a ~ being shown - a 
wave - 66 shows the signal wave form from photo detector 15b. The wave amplitude of photo detector 
15b is small because of turbidity, the conventional time tO when operating orthopedically in a square 
wave form, when the amplitude changed although this analog wave was orthopedically operated by the 
wave of a square wave on a certain SURESSHU level 67 by binary-ized processing from - the time 
difference of deltat will arise in each rise time tal and tbl. Therefore, when a quantity of light difference 
is between each photo detector, the time difference of deltat will turn into an error when changing into 
refractive power. 

[0029] Then, the core (a cornea core or visual-axis core) of the direction of circles of longitude 
measured in consideration of the case where there is a quantity of light difference, between each photo 
detector, and the refractive power over the core take the time amount from the conventional time in the 
location of the one half of the pulse width of the pulse shape operated orthopedically, respectively. If it 
carries out like this, the effect of the amplitude difference in each photo detector location can be 
eliminated, namely, drawing 4 - setting - the conventional time tO from ~ what is necessary is to 
measure tal and the time amount of ta2, tbl, and tb2, and just to calculate the time amount ta3 to the 
core, or tb3 ta3 and tb3 are set to ta3=tal+ta2/2tb3=tbl+tb 2/2, respectively. This means that exact time 
amount can be found, even if the SURESSHU level at the time of the binary-ized processing 
corresponding to each photo detector differs respectively. 

[0030] It is drawing 5 which showed the detection approach of such time amount about each photo 
detector concretely, (b) shows the digital wave of the measurement pulse used as criteria, and he is 
trying to take the timing at the time of the start of the beginning of the pulse shape after binary-ized 
processing on the criteria of phase contrast time amount detection in this case among photo detectors 
15a, 15b, 15g, and 15h. (**) - (**) show the digital wave acquired from its four photo detectors, and 
tA3, tB3, tG3, and tH3 show the time amount to the core of the pulse width from the conventional time 
(leading edge of a measurement pulse), respectively. When the direction of photo detectors 15a and 15b 
is made into the direction of measurement circles of longitude, therefore, the core (cornea core) The time 
difference TA in the location of photo detector 15a to the core which was searched for by (tG3+tH3) / 2, 
and was searched for, and time difference TB in the location of photo detector 15from core b It asks by 
TA =(tG3+tH3)/2-tA3TB =tB3- (tG3+tH3) / 2. And this time difference can be made to correspond to 
the refractive power over the core of that direction of circles of longitude. 

[0031] Similarly, if a core and photo detectors [ 15c 15d, 15e, and 15f ] refractive power are searched 
for, the refractive power in the cornea part corresponding to the arrangement distance of each photo 
detector will be acquired. And if slit projection optics and a light sensing portion 14 are synchronously 
rotated 180 degrees to the circumference of an optical axis, the refractive power of all the circles-of- 
longitude directions (360 degrees) can be searched for. 

[0032] Moreover, the refractive power depending on a pupil diameter can be acquired from a cornea 
core by searching for the refractive power in each part applied to a periphery. On the contrary, the pupil 
diameter examined the eyes at the time of measurement is also measurable whether each photo detector 
of the direction of measurement circles of longitude received fundus-reflex light. In the case of an 
example, it is measurable in the equivalence size on the cornea by arrangement of the photo detectors 
15a-15f shown in drawing 2 . 

[0033] In addition, although three pairs of photo detectors are arranged in the example, if it arranges 
more than it, the refractive power in the circumference of an eye can be acquired more. Moreover, if 
arrangement spacing of a photo detector is made dense, the refractive power in a finer part can be 
acquired. 

[0034] Next, actuation of equipment is explained using the outline block diagram of the signal- 
processing system of drawing 6 . First, measurement mode is chosen with the measurement mode 
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change-over switch 70. Here, the continuous measurement of keratometry and refractive-power 
measurement is explained. 

[0035] Observing the anterior eye segment image examined [ which was illuminated by the source of the 
illumination light (not shown) / E ] the eyes with the TV monitor 39, a ** person moves equipment to 
four directions and order, and performs alignment (alignment projects the index for alignment on a 
cornea, and can use the thing of the common knowledge from which it is made for the corneal-reflex 
luminescent spot and reticle to become predetermined relation). If alignment is completed, a trigger 
signal will be generated with a measurement initiation switch without illustration, and measurement will 
be started. 

[0036] In continuous measurement, it is started from keratometry. The source 27 of the illumination 
light for curvature measurement carries out predetermined time lighting, and a ring pattern with the 
PURACHIDO plate 26 is projected on a cornea. After the ring pattern image projected on the cornea is 
photoed by CCD camera 38, it is incorporated by the frame memory 71. After edge detection processing 
is performed by the image-processing circuit 72, as for the image captured by the frame memory 71, the 
processed data are memorized by memory 73 through a control circuit 50. 

[0037] A control circuit 50 calculates the cornea curvature for every predetermined include angle based 
on the edge detection location of the memorized data. The operation of cornea curvature can be 
performed as follows. If detection image height when the image i by the cornea convex of the light 
source P which is in the optical-axis top distance D and height H from a cornea carries out image 
formation on a two-dimensional detection side with Lens L is made into h' and the scale factor of the 
optical system of equipment is set to m as shown in drawing 7 , a corneal curvature radius R can be 
searched for by the formula of R=(2D/H) mh' (refer to JP,7-1241 13, A for the detail of this operation). 
Moreover, the calculation approaches following in simple may be adopted. When the image height on 
Kj and an image pick-up side is set to hj for the proportionality constant as which the j-th ring is 
determined in the radius of curvature of the field projected on a cornea for the distance and the 
photography scale factor of the up to examined [ Rj, the j-th ring height, and ] the eyes, the above- 
mentioned relational expression is expressed as Rj=Kj-hj. Here, if Kj can be obtained for a 
proportionality constant as a value of an equipment proper, this is read at the time of measurement and it 
is made to calculate by measuring beforehand a schematic eye with two or more known curvatures 
which cover a measurement range, curvature distribution can be acquired extremely in a short time. In 
addition, about data processing of curvature measurement with continuous measurement mode, if it is 
made to carry out after refractive-power measurement is completed, continuous measurement can be 
performed efficiently. 

[0038] Then, refractive-power measurement is performed. Preliminary measurement of refractive power 
is performed by the same approach as refractive-power measurement of the conventional phase contrast 
method. After moving the floodlighting lens 33 of fixation target optical system based on the refractive 
power acquired by preliminary measurement and putting eyegrounds examined [ a fixation target 32 
and / E ] the eyes on a location [ **** ], it is made for fog to start by still more suitable diopter in this 
measurement. From the slit projection optics 1, the slit flux of light restricted by slit opening 4a carries 
out incidence into an eye through a pupil, and is projected on eyegrounds. It is condensed with the light- 
receiving lens 1 1 of the slit image detection optical system 10, and the flux of light of the slit image 
which was reflected by eyegrounds and passed the pupil arrives on a light sensing portion 14 through 
diaphragm 13. Here, an optical electrical potential difference occurs in the photo detectors 15a-15h on a 
light sensing portion 14 at the same time the flux of light carried out incidence into the eye, when the 
optometry E-ed was emmetropia, but if there is an ametropy, it will move so that the light of the slit 
image reflected by eyegrounds may cross a light sensing portion 14 top. 

[0039] From each photo detectors 15a-15h, an optical electrical potential difference is outputted with 
migration of the light of the slit image on a light sensing portion 14, respectively (time difference is 
produced on an optical electrical potential difference). Each outputted optical electrical potential 
difference is changed into the pulse signal in predetermined SURESSHU level made binary by the 
binary-ized circuits 42a-42h, after being inputted into the amplifiers 40a-40h connected to each, being 
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amplified and carrying out shift processing of a voltage level further in the level shift circuits 41a-41h, 
respectively. Then, each pulse signal is respectively inputted into counter circuits 46a-46h and OR 
circuit 43. OR circuit 43 is for making the start edge of the beginning in the binary-ized circuits 42a-42h 
into the start of a measurement pulse, and is inputted into the flip-flop 44 following a degree. Including 
the conventional time (start edge) used as initiation of measurement, a flip-flop 44 outputs the 
measurement pulse signal which means measurement time amount until it receives the Rset signal 
outputted from a control circuit 50 to counter circuits 46a-46d, after finishing measuring the pulse from 
all photo detectors. 

[0040] If the pulse signal and the measurement pulse signal from a flip-flop 44 which were made binary 
in the binary-ized circuits 42a-42h are inputted, each counter circuits 46a-46h will count the time 
amount to the standup of each pulse signal to the leading edge (= conventional time) of a measurement 
pulse signal, and the time amount of each pulse width, and will be held. When this is explained taking 
the case of drawin g 5 , it is the conventional time tO. The time amount to each receiving pulse signal 
standup is tAl ( drawing 5 tA 1= 0), tBl, tGl, and tHl to each photo detector. Moreover, the time 
amount of the pulse width of a digital signal is tA2, tB2, tG2, and tH2, respectively. 
[0041] The time amount which each counter circuit held is outputted by the call command signal (CSa - 
CSh) from a control circuit 50, and is inputted into a control circuit 50 through a data bus 47. The time 
amount to the standup of each pulse signal to the conventional time [ in / in a control circuit 50 / each 
photo detector from each counter circuits 46a-46h ] (tAl, tBl, tGl, tHl), After finding the time amount 
based on [ of the direction of measurement circles of longitude (scanning direction of the slit flux of 
light) ] corneas by the approach mentioned above based on the time amount (tA2, tB2, tG2, tH2) of 
pulse width, the time difference (phase contrast) in three pairs of photo detectors located in the direction 
of measurement circles of longitude to the core is acquired, respectively. 

[0042] This will be converted into refractive power if the time difference in each cornea part in one 
circles of longitude is acquired. Relation like drawing 8 between the time difference and refractive 
power which are detected by the phase contrast method is. This relation can be sampled by, for example, 
using the schematic eye whose refractive-power value is known beforehand, and the refractive-power 
value corresponding to time difference can be acquired by making that data memorize. 
[0043] Next, a motor 20 is driven and the source 2 of the slit illumination light - the motor 5, and light 
sensing portion 14 of the slit projection optics 1 are rotated 180 degrees to the circumference of an 
optical axis at a predetermined include-angle step (for example, 1 time). Based on the signal from each 
photo detector, the refractive power in each rotation location is acquired. These refractive-power 
measurement is repeated two or more times, predetermined processings (equalization, mean value, etc.) 
are performed and the result is memorized. Moreover, S, C, and A which are the same parameter as 
usual are computed by performing predetermined processing to the refractive power of each circles-of- 
longitude direction. 

[0044] By whether each photo detector of the direction of measurement circles of longitude received 
fundus-reflex light at this time, since the pupil diameter examined the eyes at the time of measurement 
can be known, if processing which considered the condition of this and refractive-power distribution is 
performed, useful information can be further offered in the case of a consciousness optometry value. 
[0045] The measurement data of the eye refractive-power distribution acquired as mentioned above is 
displayed on the display 53 for a display. Drawing 9 and drawing 10 are the example of a display. 
Drawing 9 displays by making refractive-power distribution when seeing from a transverse plane into a 
color map (or gray scale). A photo detector cannot receive fundus-reflex light by eyelashes etc., but the 
upper part where the color map is missing in drawing expresses the part from which refractive-power 
distribution was not acquired. Drawing 10 is the example which made distribution of refractive power 
the island three dimentional display. 

[0046] In addition, although the refractive power corresponding to the cornea of three radial parts is 
acquired by three pairs of photo detectors in the example, this can increase the number of distribution 
bands and becomes easier to grasp a distribution condition by making the refractive power between the 
obtained cornea parts correspond to distance, and distributing it (interpolation). 
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[0047] Moreover, it is possible to change into cornea refractive power the radius of curvature acquired 
by keratometry by common knowledge ****** } and to also make the distribution condition shown a 
graphic form table like drawin g 9 or drawing 10 . Furthermore, if cornea curvature distribution (cornea 
refractive-power distribution: D=(n-l)/r and r= cornea curvature, effective refractive index of n= cornea) 
and eye refractive-power distribution are made to correspond and it is made to display on coincidence, 
the relation between these can be known. 

[0048] in order [ furthermore, ] to make eye refractive-power distribution and cornea refractive-power 
distribution correspond — a cornea refractive index - a cylindrical-surface refractive-power component - 
- taking out - the difference of the astigmatism component of eye refractive power, a comparison, or 
both - it can display. Thereby, the condition of the residual astigmatism (difference of the total 
astigmatism examined the eyes and the corneal astigmatism) can be known. 

[0049] Thus, by getting to know the refraction condition examined the eyes in a detail, the data which 
perform the treatment appropriately can be offered now also in the cornea corrective surgery which 
corrects an ametropy. 

[0050] Moreover, since the pupil diameter examined the eyes at the time of measurement is measured by 
coincidence, it can use for the glasses formula in the case of consciousness optometry of this 
information etc. 

[0051] As mentioned above, although this invention was explained based on the example, various 
changes are possible for this invention. For example, two or more slit openings 90a and 90b which have 
whenever [ tilt-angle / which intersects perpendicularly ] in a rotating sector 4 like <A 
HREF=7Tokujitu/tjitemdrw.ipdl?N0000=237&N0500=lE_N/;>?> ?77 

<8///&N0001=342&N0552=9&N0553=000013" TARGET-"tjitemdrw"> drawing 11 are arranged, 
respectively. On a light sensing portion 14, like drawing 12 , three pairs of photo detectors 91a-91f and 
three pairs of photo detectors 91g-911. are arranged on the straight line which intersects perpendicularly 
so that it may correspond to the scanning direction of the slit openings 90a and 90b. If it does in this 
way, the refractive power in the cornea part corresponding to arrangement in the direction of 2 circles of 
longitude of the direction corresponding to two kinds of slit scanning which intersects perpendicularly 
of a photo detector can be found. Therefore, if a slit projection system and a light sensing portion 14 are 
synchronously rotated 90 degrees to the circumference of an optical axis, the refractive power of all the 
circles-of-longitude directions can be searched for, and the measuring time can be shortened compared 
with the arrangement which showed previously. Furthermore, if the number of whenever [ tilt-angle / of 
the slit flux of light ] is increased and the orientation of the photo detector on a light sensing portion 14 
is increased corresponding to this, angle of rotation can be lessened and the refractive power of more 
directions of circles of longitude can be searched for. 

[0052] Moreover, when the direction of circles of longitude does not have to be made fine, it can 
consider as the equipment which acquires the simple refractive-power distribution according to the 
number of the orientation of a photo detector, without establishing a rolling mechanism. 
[0053] 

[Effect of the Invention] As explained above, according to this invention, eye refractive-power 
distribution about two or more eye refractive power and each part of a cornea in a cornea part of the 
direction of circles of longitude can be searched for, and a refractive-power condition can be known in a 
detail. 

[0054] Moreover, cornea curvature distribution and refractive-power distribution can be measured with 
one equipment, both measurement data can be made to be able to respond, and the relation between 
cornea curvature and eye refractive power can be known. 



[Translation done.] 
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i 

[ ig** ! ] vmto0Btttm&r&mtMStt 
tctei >r , a y ^ F ?t4MUM%£<l" * a y 
? »A«J 7 hjfe3R©Ay * h*WcJ» 

fcift A,-rtffkK: IBS s ft «3#S?«: tf ^Ml#^^ffi* 
^*4, PiBS*g^s*(^(4tlMji^ffi^«:S^^ 

*Sfcv &#*4C4^«4?4B«S!**«. 
[Ig**2] HUViCDKHttttKlt. £6te|ie 

<CM?4MII¥B4ftllU BBB*r;&»JW«K» 
ffl C 4 tCtgft© ft B*BfrC©JB *t A £ *£>T 

mmftfio&B zrnz c 4 4 t* siffiKfig, 

[ig*3f3] ttf2(HMItl|lt 
[15*314 ] Ig*Jf 3 O&n^BttlKiEm*' 

•c* * c i r 

[B*3f5] MMlttlKHnEttBlt, £6fc|HS 
asg*^*tcj:-5Ay ? h**OA'j * h*flK*iJ£o 

fiI4 K^fftv |4Efc fta,t4ffM£EB $ ft **& 
OT4"tMM*»*B4, A 'J ? h*»©A "J ? h^lfiltc 

mme ] ig** i (ommtmmit, **>fc«e 
?Lf» *mw * bjlsw-sj* a* wt ^ci «r«a 4 r 

[8**7 ] Ig** 1 0B*HKMBCfcl*t:. lie 

j=t?au * h -s^a&su »ei*tt*^ 

QMMAftOA 'J ?f h**©A y ? htfftlC 

aht b r «m« ifc^t^nwcBK $ n ** jfes* * <-ft 
[IB** 8] IB** I ©iiftai^gti, s*>£t41ft 

0 r AB®OTN®£tt**& AK«ttS IC^B 
4. fl»ett«:««r6*--KdWB*T**:IBE , r4t 
-KttttfeiltiK*- KW»St. 4WT4C4 

*«»4T*B«»esB. 
i o o o 1 ] 



C2) 4SH¥ 10-108837 

2 

[£4tojj3?*gff9ff] tttfcH®B9M7* 
[ 0 0 0 2 ] 

[ffiftPttftf] ttMRCHBIrRX«Bfllu>X^3>» 
£ h u>xtc£0 SSIE? -5 4 § tc li . 
?ZictoOUn&&i*Vrtoti&. iKtt&cftt/'CI*. 
tMM>BttA «ttJUW: *>BIS*rAiEE&e<z> 

A»*asB4t,-ci*, a»j ? M*<^*&**ucf4fc 

10 EB*tCttS;L . A y h *«0«JgK J: 0 ^MBR« 

*l. s (ttfitfft) , c <aauE&> , a {gLti^A 

[ i) 0 0 3 ] 

rtSK3fia*©<M»«:m , CC»4 4 * £ . « r-ac»tts 

ti. S|£|»t«9t*A< tf 5 fc«w>+»«f 
ALTl*&4ttt»A&*<9fc, 
[ 0 0 0 4 ] iW. fl**ffl€:W»bfcO LTft 
A»BK:*f fc $ ^ 4 C 4 tC cfc o "CH*rH««:« 

30 ^IRRft£ttftB«tt«mi(cn8 i r44 4^(c v ft 

■ (M^iasNieeiw. «atiEaSB> (cicrtu«* 

[ o o o 5 ] J:eat**s«fe:ffi^, 1 

«*rtr-tgfc©B^4*a*i^©ftR^r-oBB»A 
f>*»©««*fM)ft m&u&vommfcfi mzct 

97ft4Bf4ttB«MT4C 4*BNHHE4T4. 
40 [ 0 0 0 6]* fc, ! ttDttBTAB A*ftlE&JHffA 
^4^S)^L. M»e^-*4«ltSl4rABa*4 
B*r*4©B9»^4 C 4®T?fif 4Bl49^^«:fe« 
T4C4*ttWBIE4r4, 
[ 0 0 0 7 ] 

[»S*KftT4ft:«>©*B] J^BPKJRfc-rafc* 
tC. *ft««:^©J:^ftl5««:W'r4C4t«B4l/i: 

[ 0 0 0 8] < 1 > fftMK>flttAC:flttr 4Bf4B 
**SBtcfcc*-c. Ay i- h*«tcrttSI«RKJ6«:4*r 

so «j r a§g***4 . &A y ^ h Tfe^oA ij * r # 
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[0009] ( 2 ) ( 1 ) ©BttMlEttBli. 5 £K 

? /tw * mm^b& «: w u > aeaJfttta^a 

W*a©S«#rtic: t icBKaABttaroBfrb** 
*CBB#ra©»Hi*B*<: ± £$f$£^£ 0 
[0010] ( 3 } { 2 ) ©Bf4B«ttati. 2 *E>tc 

**. 

[0011] ( 4 ) { 3 > ©**t?ai2B«*»R?* 

[0012] < 5 ) { 1 ) ©BtiMCttBli. * &cc 
WKlSKHb^iC £ 4X 'J 9 t "J ? h *|WC» 

pti < r <»-«©» 2 & . mot 2 ©3*g* 
tuawiiJitimi^ai. xu ? h£sR©x'j * 

ifi]tc«j£-r414B© 1 fl©****©** <tte«<*ttfc 
[0013] ( 6 ) ( l > ©B*ttnEttBti. 3 fctc 

©aaa*itar*BjLait»^ffifcitT* c £ 

[0014] ( 7 } { 1 ) ©Bf4BCttBK*H>'C, 
mfc* 1 ) * HR|g*^»*il*< 4i2^«LL©fl»A 

*£»-?xy 9 hjt«*tHB , r**«*iro 1 elates 

j&ft(Ctift*©fflaAB©A'J 9 h**©X'j ^ 
isik i/ r w*ichs aft****** 

[0015] ( 8 ) ( 1 > ©KftBffiKBl*. 3 
^«©ABfc1Sft©F]SW:©^* - ^tft^AKHgtt 

a£ffaa*Ba?*aa&i!^B£. fe^^n^g 

££iMiIl/c AB©#BU©Stt£ff& ABattBC 

#B£, Ae»tt£»sT**-F<LttH*rA*»*"3* 

[ 0 0 16] 

Bii^ttf^tta©£¥$mffisat'&& 0 * 
«Rtt, Ra>r/iSB«*^*, B»a*£x, a$a« 
aaaaK*m &tfa*n^Baati]*¥X(c* 



(» *f 10- 1 0883 7 

4 

[0 0 17] <BBtf*a£*?X> BB#rA««*9f 
X 1 0 0 tt, * «J * h fig?te££ 1 <L * «J * h {^^ffljfe 

^ i o*6B*£n«. **j ? taa£?xi ox© 

J: 5 atattttt^. 2 liitt*^«(W6*:#fef 'J * h 

aa***-4©BBicw»B©A | J ? hd§P4 
aawtfwrcc**. ettaeu:/*^**), *«2t* 

tt£ U>X6£RR/ rltaa A«a£tt i^Sftr f&Btctt 

[ 0 0 1 8 ] «B2 **0fc*#©*tt S ? - 3 icSfl* 
£tvCBi£-fe**-4©xl»? FiD4^I!§n. 

BtE*^*-4©Bfc£J:9^di'i*:x | J 5- hits 
?*8T'£«dft&. *©a, aaaafe^xacfBS* 

HMBE0AB£ftra£Lfc», B.*cft8;3n*. 
20 [ 0 0 19]^ Li ^ K^^ffijfe^ 1 0«, *ft«Ll 
±(CR»6*lfe«*U>Xl 1 2£. ^ ^ 

- 1 2*CJ:0S«S*l**aL3 iteaWfeWtao 1 
3RC«*ail 4^<i^^ # SO 1 3v;U^- 1 2^^r 

i/c^jfe u > x 1 1 <pft * a«£&bkes $ n * { £P 
*. 'EaB«>ttaBBa&^«riUE^«un'«>. * 

1 4 tt*0Mfcftfflic . B 2 K^T ^: ^ , 5:* u > 

x i i (cm attaABtw^taatteccfiBr 8 

flc****-? 1 1 5 a - l & h^WUCc^o cc5CFS(0^ 
^S^ 1 1 5 a - 1 5 f lta*H«S>«W> (*HL3 ) «B 

30 ^aeaiicctiBo, «**^ isatisb, 

1 5 c 1 1 5 d . SjfcS* 1 5 e 4 1 5 f #*n*n* 

tca^^ccw^^nri^o c^3*t<o*jfes^ii, 

ABCStflfi]© SttStctflfcl/ & a*r*«:*ffl'C ^ ^> J: 
^iC ^©SB»ft3»a£dtiri^ (H2±-Ctt. A 
li±^jy^^ii^^x<LUr^uc*<^} . * 
jfeS^ i 5 srt l 5 h li. £iiL 3 ft«tMl»(ci/ , ca*a 

^ i 5 a - 1 5 h ta»r aaai-cflUMcfc* ^: ^ tc 

40 [ 0 0 2 0 ] C ©J: 0 w a«©KB*r AStofc^* 1 0 

oi*. «-»2 0 4¥ir«»6aia3n«B4eaa2 1 

cc«fc 0 , x »J 9 1 <»x 'J ^ h )R««B2 - 

"fc&K U fialW b r BKT J: ^ tc-tc o r l * ^. * L< 
X. 1 4 ±©***-T- 1 5 a - 1 5 f 0>f5gf £ 

x U ^ htta**X 1 tc J: DIRf!;$n&tafta 
±T'©X»J ? hfta©***(S1 <BB±'C©X>J ^ hjfe 
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©g^tffflicitx? **i**c4*fif & ^ tcft*** i 

5 a - I 5 f £Efil't:c>*. 

[ 0 0 2 1] 3 OttBtMbftS**?* 

0. 3ilipJtim 3 2£BiHS. 3 3litt*u>X 
T?*> *. a* u > X 3 3 fc*S9H*lfilK: tSftf & C £ tc J: 

ii:nf-A^7^;K'flbl>o *^3 itiBftfts 
2^BSau Htt«3 2^<D**i*«*^>X3 3, 
t'-AA7'J 7*3 4£H*rf!t b'-AA7 'J^9t 
S«br*tt«EccflaHv tt#HE£SiU53 2*fl 
BT*. 

[ o 022] ( mmttfmm&&*ik) tt*a*« 

tfHiilKJMHR £ 5 l**©«MW:irr -So 2 6 ti^tf 
KBin&ftoRgBl*©^^ 9 KfiT-fc 0 , 7 7 * KS 2 

6 K tfjfcia L l £ L fclsto>RJbK £&0i§ *& i 
»E(H:lfr7'J > - >tf£jg3 *VO&. £ 7 tt 
L E D«>|BS€««jag-c*>*i , KSmm2 7 
t/fclSH3*ltS«S2 8-CSfl*Sn. ?9 * FE2 6 * 
«»*&»W3*&-K:jBB3r*. 7 5? KS2 

[ 0 0 2 3] < A4WenttWfttii«¥X} 3 5 tftt^ 

S2 5 cc j: n ifirs;$nfe 'J > - >4>AJ|tKti*X 
». tr-AA^L»^^9awt'-^^^»J ^34r-s 

»«**ffifc L» > - ><Dftl8Rtt**»fcT&a 

a*«c * gmamjtiwe urn $ n*:t*N« e mmm 

t'-A^y*J ^9. 3 4SCJ c 8Rg;U>X3 7* 
/rUXCCD*>7 3 8©«fl«^-iBte<*«U. TV* 
~*3 9K5teiti24a&o 

[ 0 0 2 4 ] *^^ja^or.^^i-^t, 
TBW*. *^4>BBff;bftttt. 
1 5 g <b 1 5 h fcft*** 1 5 a - 1 5 f 

j^B?&BMAn<!>AB<ti£ («fcttMtt4M» 
tf> *©*i&fctii,T«**F 1 5 a - 1 5 f ©*tiB 

aNC. EfcjfcH#0Oft***l 5 a £ 1 5 b©tiG>fc 

1 0 0 2 5 1 ir**, x V 9 h*K***ic,l:4* 'J ? Y 

^SSIS^ 15a, 15 b, 15*. 151? 

[ 0 0 2 6 ] <?C, fetSMatCJr^SRfflJrAffl^'Clt, 
■ff ^tiB4>44Cttttrcft6 4 fi£ 0 fc i ft (c fi*, KH 



(4) fifl¥ 10- 1 08837 

5 

3 ( A ) 0ft*** 1 5 a frh&mm^t ( □ > 0ft 
£3 «, ft*** 1 5 a 1 1 5 I) t<fM0>m\ />*« 

"C. ft*** 1 5 a 1 1 5 bfctf U cn&B$ 
t **(aitcttBT6ft***l 5 fiffc 1 5 h0**E<E 
^**>ft*X* 1 5 a 4 1 5 b<0*4L^S**ft€*iL 
4*63*:** ftl*. ft*** 1 5 a Sfclt l 5 bOfc 
10 KflStte^flM^ (1SW+410 4 C 
4r*^OAB^r«!affA**»4C i^-C**. 
[ 0 0 2 7] c CT\ fiftWSB^ccr 4fc^tc. *0A 

t a t h > , ttmKM t o KtfT.^ftjfc** i 5 a <L 
1 5 b<D*^*. 
{ tq + t h ) /2 

X*«>iCi*'C*&. ^jfe^*15atc 

ahtr &fimtto»b AM<t*b« tomb* t a . 

20 *^^ftjfe**l 5 b iC tifc? £ % S^fe * X'Wm 

Ta = [ ( t q 4 t h > /£- t a ] 
Tb = [tb - ( t q +th > /2] 
tftO, COURT a, Tb*MrA(cM£Stf«C4 

4C^f»&. 

1 0 0 2 8] &S***30>6©aiAff^5 SUffe 

isiEi/ , c*itfli , r*ttttwiRK:^^"CBHir*. sft* 
S* d & B A 5 <iftitt*c «or^^ur>a^ b 

30 «rR£lfr2flfk«af 4iK t S«*S*lii£*fiM 
^44lttMSSiao*Ml«C»fi*t U&C 4^*4. 

cctDWt-. PIAtf, H4ltft*«*15a(c«lSr 

4fl««tttc«Lrft*#*i 5 bte«firr*fl««tt 

^^L/fcH-C** (BttWIKrVWef ft 
#CC'^ * >^£ffi*T:<,>*} o a»6 5^ft***l- 
5 a »60B#«««At/. ?fi^6 6i0^ftjfeX* 1 5 b 
jO^^ff^Jf^^o ^*^*l 5 bO%^&«itS 

b$r t o feo-enen® i ±^ o rh t ai, t m*c 

ti. AtORBfb^OTLS^. 5ft* 

[ o o 2 9 ] c x\ aa*x*B«*fl*^*4«^ 

<I4M» &0'«043iC«(C4tr4BffA^. *-4veft£© 
50 $ti^<^A»BO^«U^*|o*^lMtr'0[>6«BSB 
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t a3?ji t b3£*tf>ft{*Ac\ ) t ri&U 1 b3l**tie 

n. 

ta3 = t aa+t«2/2 
t 03= t bl+tW/2 

***** C <t#'C * & C £ *3Sfl* t/'C <r >& 0 
[ 0 0 3 0] c © J: ^ &ttna>4ftBI#tt* JUHftKS* 

JHR^lSa. 15 b, 15 er. 1 5 hOrt, Sfiffc^ 

(If itJ^^x6i±*i x * t*> *6CEJ;^xifi[)W»* 

a, 1 5 bfi^lflrtriRAEaillM&Ute&ft, 

6h*:*ifca , e©ft*K^ L 1 5 aWiRr-WSB* 
T, . ACtt^&jHlHR-i 1 1 5 bCMMTHDBRBT 
. tit. 

T, = ( t w + i m >) /£- t AJ 
T, = t tJ - < t c *+ t ., > /2 

[ 0 0 3 1 ] RttfC, ■fttiSJISK 1 15c, 15d, 
1 5e, 1 5 f ©H«A SftJBRT-CffiB 

f . * y * mi^iSt^ 1 4 i«rla)JBL-C**B 
[ 0 0 3 2] Sfc, A£4Mjttfe&BiZHteM*?G>& 

tcfc 6WHOtAitinr & C <L t> V * * B Ste 
B £ EftOfcS*S» 1 5 a - 1 5 f ££5 

[ 0 0 3 3] &4o\ *tef?lJTii3^CC^^?:gggU 

AtBiCta^ca*. *fc, jHHmDEBIMK* 

4. 

[ 0 0 3 4] SESCDdfE&B 6 ©g^ffijfifl* 



[ o o 3 5 ] teaiiumft* (a™*-*") icHwaftfc 

tMnE0i§iiRiH*«: T V*^ $ 3 9 K J: 0 OS L 

^«B*±Tssacma^»*L/ , c 7 * ^ >o h 

it. *(DAlg5tife= £ b 2? A £*ffi£CMKK&* 

10 ST Lfc fc, B*tt ftHCBMr* 9 J: 0 h 'J m% 
^£ $ it x at *BttT 
[ 0 0 3 6] 2tKMtttAIIA««C^&BMSn 

Kfi2 6^^4 | J>^ , ^->^ftjgtcigf^n 
OBB 7 2 CC * D J- ? ^t*W«HM«S * nfca. %<m 

w?-$ Mmsa 5 o £ ft t/ r -rf * 'j 7 3 ccett $ ti 

[ 0 0 3 7] HjHBSSS OtittattSn&y- JOij *J 
4. ft«ift*©SSfJH«c©J:^K:?T5ct^r**. 0 

R= (2D/H) mh ' 

let©* ^fti»a**tttfflor fcAiNi j #a©y > 

t. Bi!feonff»i. Ri=Kj -hji*«ti*. C 
c *c . mi. i- > ^ -» < - ^ tSftcmnott^ =£f#^ 

WCC-fii LrtTff&C i^C^, B*««:cn*K*ftil/ 

[ o 0 3 8] «*f *aat«i*tf $n&. fiE*co 

*«c«^i*rBW*JI^«3ft*u>X3 3 

BB3 2 &tMBEfi)RK«ASftttB(CBl'ft:tt, $ 

A 'J 9 r ttRMIc^x i is>h & A y h BD 4 a ic £ 0 $u 

so Rsn^Ay ? h**»a*rtUTBrtfcAttu 
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JkhfcttESft*. R^««3nB5L&iliftUfcA y 
HWWfc***. A 'J v Vm&ffi&fkl 0®S*u:/ 
XI lKjMig^Sn, 1 3£ftl>rS#SPl 4± 

ntex y ^ h«<ojbP-'«fe« 1 4 * ^ tc 
#s*?4. 

[ 0 0 3 9] 3:7t3B 1 4 ±CG>A U ? h«0*flr>StttC 

1 5 a - 1 5 n *>6t*en«tiJi«E 

s*«BEt*^ti-e , n«ii*tt3tifc**iS4 o a ^4 0 n 
icAAsnritBsti, a^icu^f? hgB4 1 a 
-*4 i h«Mn«EKW^ naa^s^fc 

a. 2Hfl:i5lBS4 2 a ^4 2htci:0^r^xu 

ft. S^.'U -» * 9 > *HB4 6 a - 4 6 h ± 

ORB»4 3«cW3&n*. ORBB43lt2tfflSB 
4 2 a - 4 2 h C5*©»|B©iLba»D x ? 5>*MP* 

* ^4 4 icAft ^ 'J ? y'y ^ifS'Jcr) 
BK£&«BBim (ihi^x^) ±ro 
<^ a L,i|&&fc»tcttfrBB 5 0 
*6 Utfj $ fth feedE#e3tt 4 5 -COHKDfHRMB * 
»*T4MP<*A«*t*»5>*BB4 6 a-4 6 d 

[ 0 0 4 0 ] >SBB84 6a-46h ii£ flfbB 
B4 2 a -4 £ h-C2Bffc£nfc'<*AOT &7 »J * 7 
70 ;7'4 4 *«wt«^*A«*p a* sn* It 

»<*;MK©£±g J. 9 i> { = S«ttfa } tc**T4-t- 

we £ -? rmBj-r^ <t % ttqtflSH t o tftt-r nen 
cctiur, t„ cB5-ct*t*»=o> . t. 1% t € „ t 

[0 04 1 ] &*$>*Btt^#0fcHSBW:. »li 
Oa>£<WtfSU§£fl^ <C5a -C5h ) K,fc*JtB 
f} 3 ft, r - * ; < a 4 7 £ ft 1/ TMflBB 5 0 A^ $ 
ft*. «H»iB&0i^ &*^>^@5S4 6a-4 6 t! 

cc*«*» tc fe £ giiB#fe1 tc *tiT 4 eirtftfl) 
^*A«4M«t±9*'TOBB ( t*,. t Ml t«,, t 

tti/ > cfneBBAnccaBr« 3 awwa^-cwsB 

[ 0 0 4 2] 1 StttCfett «ftAM*l£rCE)BvnfWW 
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10 

tt8ft*lfflB£B*ft&®Htcli. B8«E>J:9«cRHff 
i»fc4. COHflHi, Wittf. ^WBKrABiWKttTA 

r - 5? $rl£te5 ■8"Cfe< C<Ltcj;*j NBStcMlt L fcH 
ffAB«B4C&^t l ft«. 
[ 0 0 4 3] € - » 2 0 «B* Lr A 'J 9 h^g; 
jfe^^ 1 <^>A ij ? h Sg^ftfli2 - ^? 5 tSTfegp 1 4 

SiDi^^n, <¥^ft 4>Bit 

[0044]C©ifif, »*sBli»*ft©#«*»^3»E 
tS&&t$L4b1ti£ fate J: 0 . fi]^a#cc4ati4«4 

BBttft tHI t: Bftr WtWB*. 
20 [ 0 0 4 5 ] «±© J: *>lCbxW- kfttdUWfo&tiV 

9 . B10 ii* C**»C*&o B 9 B0Effl3^6 Hfc t 

tC L *C^7ii Ofc iwc* 6 • B tcfec »r *7 ^ - ■? ^ y'o 

[ o 0 4 6] a 4a, jaspiJ-ci* 3 artwiasw: £ ^ 

4^ . c miff 6nfc ABMMiUBOMBifrA *8i(6K 

$^-c£^ mm) r^c^tcj:*!. ^^^^^ 
r c <L^r » . J: •? ten u w < <f & . 

[ 0 0 4 7]* fc, AJM««C(cd: Dii^nfcS** 

ff£B9*>Bl OOJi^fcB^a^S^&CttBnS-C 

( !i - 1 > /r r = ftSSfeg, n = AB«99BBff 

40 i. CA6«)B«B#*»4Ci3»'cat4J:^«:a:4. 
[0 04 8] *fcS6«c. BB*r^*£AMBIfrA9 

<rK D B U BB*rA«Dft1JWH»ttb«* fcliHS^M 
»***r4C^f'*4. cncc^O, S^atKS* 

4 # 

[ 0 0 4 9] £ (OX *> (C|ClMRfi>fllrni<:mi(C«i4 
C£KJ:*h Bttsg^KaE^^ABSSjE^fS^^C'r 

50 4£5tctt&. 
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10 0 5 i ] tLfc % *«W***«l«:«^c i riB9BL/fe [02] ASjeK^WBH^Sria'C*) 



£T*2«SK©a u ? h4«tcj*j6Ufe*iaiQ2iaa* oi»rmL,fcB*cft*. 
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